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We assessed whether axillary dissection using the electrothermal bipolar vessel sealing system
(LigaSure) improved perioperative outcome when compared with conventional axillary dissection, in
a prospective randomized study of 100 women with breast cancer. Those needing axillary dissection
were randomized to the use of LigaSure or to conventional axillary dissection (with 50 patients in each
group, all of whom had a closed suction drain in the axilla). The LigaSure patients had less intra-
operative blood loss (exceeding 199 mL in 30.8% vs. 69.2%, P < 0.001), quicker axillary dissection (mean
48 vs. 63.2 min, P ¼ 0.004), fewer days of suction drainage (4.3 vs. 5.7 days, P ¼ 0.012), and shorter
hospitalization (5.1 vs. 6.5 days, P ¼ 0.021). No difference was found in the rate of hematomas, reoper-
ations or infection. The use of LigaSure in axillary surgery reduced the surgical time and length of
hospital stay, favoring early drain removal without increasing postoperative complications.
 2011 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Surgery remains the mainstay of treatment of breast cancer and
of some locally advanced cases. Breast cancer surgery has evolved
tremendously from radical surgery to conservative surgery with
better cosmetic results. Moreover, systematic lymphadenectomy
has been replaced by selective sentinel node biopsy in the initial
staging of early breast cancer, although axillary node dissections
are still performed, particularly in locally advanced breast cancer.1,2
Axillary lymph node dissection is also required for patients with
clinically positive lymph nodes and for those with clinically nega-
tive nodes but with positive sentinel nodes. Postoperative
complications include accumulation of serosanguinous ﬂuid
producing a seroma. In an attempt to decrease this complication,
the use of closed suction drains has become an accepted form of
wound management. In a randomized study, closed suction: þ34 93 4893036.
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ciates Ltd. Published by Elsevier Ltdrainage versus no drain after lumpectomy and axillary node
dissection decreased the incidence and degree of seroma forma-
tion.3 However, other studies have shown that closed simple drains
are not inferior to suction drains in mastectomy wounds,4 and that
the incidence of seroma formation was similar in half negative
suction drains and full vacuum suction after radical modiﬁed
mastectomy.5
The incidence of seroma formation after breast surgery varies
largely between 2.5% and 85%.6e12 Although seroma is not life
threatening, it can lead to signiﬁcant morbidity (e.g. ﬂap necrosis,
wound dehiscence, repeated skin punctures, predisposes to sepsis,
prolonged recovery period, multiple physician visits) and may
delay adjuvant therapy. It has been shown that the use of electro-
cautery to create skin ﬂaps in mastectomy reduced blood loss but
increased the rate of seroma formation.13 Other complications
associated with axillary dissection include bleeding, cutaneous
necrosis, pain, infection, hematoma, and prolonged drainage.14
Lymph vessel sealing and axillary hemostasis can be performed
using electrocautery, suture ligation or vascular clips during dissec-
tion. Suture ligation, however, is time consuming and carries the risk
of knot slipping, clips may become dislodged, and electrocautery
produces thermal spread to adjacent tissues.15 An electrothermal
bipolar vessel sealer (LigaSure) has been developed as an alterna-
tive to suture ligatures, hemoclips, staplers, and ultrasonicd. All rights reserved.
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seals vessels up to 7 mm in diameter by denaturing collagen and
elastinwithin the vesselwall andsurrounding connective tissue. This
novel hemostatic device has been shown to be a safe, effective and
time-saving alternative to other methods for surgical hemostasis in
different surgical operations, particularly laparoscopic colorectal
resection and thyroidectomy.16e21 In a meta-analysis of prospective
randomized trials comparing LigaSure with either clamping with
suture ligation/electrocauterization or the harmonic scalpel in
various surgical procedures, operative time was reduced and
LigaSurewas associated with less blood loss, fewer complications,
and reduction in postoperative pain.22
The experience with the use of electrothermal bipolar vessel
sealing system for axillary dissection in breast cancer patients is still
limited. In a retrospective study of 187 patients who underwent
axillary lymphnodedissectionemploying surgical clips or LigaSure
followed by drainage, duration of drainage was signiﬁcantly shorter
but its beneﬁts in terms of ﬂuid loss and cost of hospitalization
remained to be determined.23 In 60 patients with locally advanced
breast cancer, Manouras et al.15 demonstrated the feasibility, safety,
and effectiveness of the technique, and in comparisonwith historical
data regarding the conventional harmonic scalpel, LigaSure
seemed to result in reduced operative time, perioperative blood loss,
drainage volume and duration, and incidence of seroma or lym-
phedema. However, a published prospective randomized controlled
clinical trial comparing LigaSure and conventional axillary
dissection in breast cancer surgery, differences in total amount of
drained ﬂuid, duration of drain, and duration of the surgical proce-
dure did not achieve statistical signiﬁcance.24 Moreover, a larger
number of seroma formations after drain removal was observed in
the LigaSure group. The authors concluded that LigaSure did not
offer clear advantages in axillary dissection.
To deﬁne further the efﬁcacy of this innovative vessel sealing
technique in axillary surgery, a prospective randomized controlled
study was designed to assess whether the use of the LigaSure
device improved perioperative outcome when compared with
conventional axillary dissection.
2. Patients and methods
A prospective randomized study was conducted at the Breast
Cancer Unit at the Hospital Universitari Vall d’Hebron in Barcelona
(Spain) between May 2008 and September 2010. A total of 100
women with breast cancer who required axillary dissection were
recruited for the study. Patients were randomized to the LigaSure
(LigaSure Precise, Valleylab, Boulder, CO, USA) or conventional
axillary dissection group (electrocautery, suture ligation, vascular
clips).
The study protocol was approved by the Ethics Committee of the
hospital. Participation in the study was proposed to all patients
with breast cancer who required axillary dissection or selective
biopsy of the sentinel node. Patients having sentinel node biopsy
alone were not included in the study, unless of course a positive
biopsy result led to axillary dissection under the same anesthetic
procedure. Informed Consent was signed by patients who partici-
pated in the study. Only patients in whom axillary dissection was
performed were included in the study. They were randomized at
the time of surgery to one of the two study groups by closed
envelope allocation. Level I to III lymph node dissection was per-
formed routinely.25 Six specialist surgeons on the Breast Cancer
Unit performed all the axillary dissections.
All the patients had the same postoperative care. A closed
suction drain was placed in the axillary fossa in all cases. According
to the protocol for drain removal used in our hospital, each drain
was removed when the drainage volume was less than 30e40 mLin 24 h. Patients are discharged from the hospital with the drain in
situ when social conditions allow early discharge or are discharged
from the hospital on the day of drain removal. For the purpose of
this study, all participants were discharged on the day of drain
removal. Postoperative complications were evaluated during the
hospital stay and at follow-up visits, which were scheduled weekly
for the ﬁrst postoperative month and then every 2 months. On
postoperative day 7e10 and at the outpatient follow-up visit, any
seromas that had formed were assessed by the surgeons in charge
who decided whether puncture was required. The surgeon exam-
ining the patients at follow-up knew whether an individual patient
had had a standard axillary dissection or the LigaSure technique.
Volume extracted was quantiﬁed, and patients were assessed
48e72 h later to assess again the need of puncture.
In all patients, the following datawere recorded: age, bodymass
index (BMI), type of surgery, previous neoadjuvant therapy, dura-
tion of operation, intraoperative blood loss measured as the
amount of blood aspirated from the operative ﬁeld and surgical
gauzes (10% blood-soaked gauge pieces weight), duration of drain,
amount of drained ﬂuid, length of hospital stay, number of punc-
tures of axillary seromas in the outpatient clinics and volume
quantiﬁed, histological type and immunohistochemical character-
istics of the tumor, total number of lymph nodes excised, positive
lymph nodes, and early postoperative complications (hematoma,
wound infection, wound dehiscence, blood transfusion, and need of
readmission).
2.1. Statistical analysis
Results are expressed as mean and standard deviation (SD),
median and 95% conﬁdence interval (CI), or number and percent-
ages. Categorical variables were compared with the chi-square (c2)
test and group differences for continuous variables were assessed
with the ManneWhitney U test. Statistical signiﬁcance was set at
P < 0.05.
3. Results
During the study period, 100 consecutive patients were enrolled
in the study and underwent axillary dissection by the same surgical
team. All patients were available for evaluation. The clinical char-
acteristics of the patients are shown in Table 1. There were no
signiﬁcant differences between the two groups in the mean age,
BMI, use of neoadjuvant treatment, the distribution of performed
surgical procedures, detection of the sentinel lymph node, histo-
pathological ﬁndings, total number of lymph nodes, and number of
positive lymph nodes. However, intraoperative blood loss 200mL
was recorded in 30.8% of patients assigned to the LigaSure group
as compared with 69.2% of patients assigned to the conventional
axillary dissection group (P < 0.001).
There were differences in favor of LigaSure in the duration of
axillary dissection (mean 48 vs 63.2 min, P¼ 0.004), days of suction
drain (4.3 vs 5.7 days, P ¼ 0.012), and length of hospitalization (5.1
vs 6.5 days, P ¼ 0.021) (Table 2). Axillary drain volume was also
lower in the LigaSure group, although statistical signiﬁcance was
not reached (mean difference - 56 mL, 95% CI -169.4 to 56.1,
P ¼ 0.325). The mean number of postsurgical seroma punctures
(0.5, 95% CI 1.1 to 0.1, P ¼ 0.098) and the amount of seroma ﬂuid
drained (120.3 mL, 95% CI 260.3 to 19.6, P ¼ 0.092) were also
lower in the LigaSure group. A low rate of surgical complications
in both groups was recorded. As shown in Table 3, hematoma,
wound infection, wound dehiscence, lymphedema, and pain
occurred more frequently in the conventional axillary dissection
group, but there was no signiﬁcant difference. No patient required
readmission for axillary dissection-related complications.
Table 1
Characteristics of the patients randomized to the LigaSure group or the conven-
tional axillary dissection group.
Variable Axillary dissection
LigaSure
(n ¼ 50)
Conventional
(n ¼ 50)
Age, years, mean (SD) 57.1 (14.3) 60.6 (14.7)
BMI, kg/m2, mean (SD) 25.4 (5.1) 25.1 (4.0)
Neoadjuvant treatment 25 (50) 22 (44)
Type of neoadjuvant treatment
Chemotherapy 23 (46) 22 (44)
Hormonal therapy 0 0
Other 2 (4) 0
Surgical procedure
Modiﬁed radical mastectomy 24 (48) 23 (46)
Conservative (sparing) procedure 26 (52) 27 (54)
Immediate reconstruction 0 0
Axillary surgery
Sentinel node detection 8 (16) 10 (20)
Intraoperative blood loss  200 mL (n ¼ 52) 16 (30.8) 36 (69.2)*
Histopathological diagnosis
Invasive ductal carcinoma 42 (84) 41 (82)
Invasive lobular carcinoma 5 (10) 5 (10)
Other 3 (6) 4 (8)
Total lymph nodes excised, mean (SD) 21.2 (6.4) 20.3 (5.7)
Positive lymph nodes, mean (SD) 2.6 (4.8) 2.9 (5.1)
Data as absolute numbers and percentages in parenthesis unless otherwise stated.
*P < 0.001.
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The present study shows that the use of the electrothermal
bipolar vessel sealing system for axillary dissection in breast cancer
surgery was signiﬁcantly associated with reduced intraoperative
blood loss, duration of axillary surgery, days of suction drain, and
length of hospital stay as compared with conventional axillary
dissection using electrocautery, suture ligation or vascular clips.
Moreover, seroma punctures and the volume of seroma ﬂuid
drained were also lower in the LigaSure group but statistical
signiﬁcance was not achieved. These results provide further
evidence of the feasibility, safety and efﬁcacy of the LigaSure in
breast cancer surgery with axillary dissection. In agreement with
previous data reported byManouras et al.,15 our encouraging results
in terms of lymph vessel sealing, hemostasis and perioperative
complications obtained in a prospective randomized design support
the routineuseof this technologyduring axillary dissection inbreast
cancer surgery. Although randomized controlled studies are usually
the highest level of evidence for judging the efﬁcacy of therapeutic
interventions, a limitation to this study, which has been alsoTable 2
Clinical results of patients assigned to the LigaSure or conventional axillary dissection
Variable Axillary dissection
LigaSure
(n ¼ 50)
Duration of surgical procedure, min 48.0 (40.9e55.1)
Amount of drained ﬂuid, mL 366.2 (305.9e426.6)
Duration of drain, days 4.3 (3.7e4.9)
Length of hospital stay, days 5.1 (4.5e5.8)
Seroma
Number of punctures 0.6 (0.3e0.9)
Amount of ﬂuid drained, mL 140.9 (66.7e215.2)
Wound complications
Hematoma 1 (2)
Infection 5 (10)
Dehiscence 1 (2)
Pain 0
Lymphedema 0
Blood transfusion 0recognized by Macario et al.22 in a meta-analysis of 26 prospective
randomized trials comparing the electrothermal bipolar vessel
sealing system to other methods for surgical hemostasis, is that it is
not possible to blind the surgeon on the use of LigaSure. In this
meta-analysis, signiﬁcant differences in operative time, intra-
operative blood loss, and postoperative complications and pain
scores in favor of the electrothermal bipolar vessel sealing system
were demonstrated, but none of the trials reported the use of
LigaSure for axillary dissection.
In breast cancer patients undergoing mastectomy or conserva-
tive surgical procedures who need axillary node dissection,
drainage in essential to prevent axillary seroma formation and for
the control of postoperative bleeding. In our hospital, we believe
that to reduce the incidence of axillary seroma the bestmethod is to
use a suction drain that, according to our protocol, is removedwhen
ﬂuid output is reduced to approximately 30e40mL per day, usually
around 4e7 days after the operation. When social conditions allow
early discharge from the hospital, patients go home with drains in
situ and are subsequently controlled at the outpatient clinics,
otherwise patients are discharged on the day of drain removal. In
order to assess the inﬂuence of the electrothermal bipolar vessel
sealing system on earlier drain removal, all patients were dis-
charged on the day of drain removal. It has been shown that
keeping the drains in situ for an extra day (on average) did not
protect against seroma formation.26 Wound seroma is the most
frequent postoperative complication after breast cancer surgery.
The exact etiology of seroma formation remains controversial.27,28
In addition, a number of questions regarding factors related to
postsurgical seroma and the efﬁcacy of interventions with the aim
of reducing seroma formation remain unanswered.12 In multivar-
iate logistic regression analyses,1,7,12 surgical procedure (modiﬁed
radical mastectomy), total amount of drainage, size of the tumor,
and neoadjuvant chemotherapy have been associated with post-
operative seroma formation. It appears that immediate recon-
struction may reduce the incidence of postoperative seromas,
presumably by ﬁlling the dead space in the chest wall.7 Regarding
the different methods for surgical hemostasis, Porter et al.13 re-
ported that the use of electrocautery to create skin ﬂaps in
mastectomy reduces blood lose but increased the rate of seroma. In
the study of Hoefer et al.,9 when electrocautery was used to create
skin ﬂaps, the probability of complications, including seroma,
wound infection, wound necrosis, hematoma, and lymphedema
showed a 44% increase over that calculated for the cold-knife
technique. On the other hand, the use of harmonic scalpel for
axillary dissection is more time-efﬁcient than conventional surgery,
signiﬁcantly reducing the amount of serous drainage.29 However,group.
P value
Conventional
(n ¼ 50)
Difference
63.2 (55.7e70.6) 1.4(2.6 to 0.2) 0.004
422.9 (327.6e518.1) 56.6(169.4 to 56.1) 0.325
5.7 (4.8e6.6) 1.4(2.5 to 0.3) 0.012
6.5 (5.6e7.5) 1.4(2.6 to 0.2) 0.021
1.1 (0.6e1.6) 0.5(1.1 to 0.1) 0.098
261.2 (142.6e379.9) 120.3(260.3 to 19.6) 0.092
4 (8) NS
6 (12) NS
5 (10) NS
3 (6) NS
1 (2) NS
1 (2) NS
Table 3
Postoperative complications in patients assigned to the LigaSure or conventional
axillary dissection group.
Variable Axillary dissection
LigaSure
(n ¼ 50)
Conventional
(n ¼ 50)
Wound complications
Hematoma 1 (2) 4 (8)
Infection 5 (10) 6 (12)
Dehiscence 1 (2) 5 (10)
Pain 0 3 (6)
Lymphedema 0 1 (2)
Blood transfusion 0 1 (2)
Data as absolute numbers and percentages in parenthesis.
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bipolar vessel sealing system in axillary dissection following
a prospective randomized design with seroma formation as the
primary endpoint is lacking.
In our study, like others,15,23 days of suction drain were
signiﬁcantly reduced in the LigaSure group. Drainage volume
was also reduced, although statistical signiﬁcance was not
reached, which is consistent with ﬁndings of other studies.15,23,24
The mean number of seroma punctures required after discharge
from the hospital and the amount of seroma ﬂuid drained were
lower in the LigaSure group. It is possible that increasing the
sample size, statistical signiﬁcance between the study groups
would have been reached. Other postoperative complications,
including hematoma, wound infection, wound dehiscence, lym-
phedema, and pain were also lower in the LigaSure group. None
of the patients in the LigaSure group required blood transfusion,
whereas one patient in the conventional hemostasis group was
transfused. Moreover intraoperative blood loss  200 mL was
signiﬁcantly less frequent in patients undergoing axillary dissec-
tion with the electrothermal bipolar vessel sealing system than in
those assigned to the conventional group. The hemostatic efﬁ-
ciency of LigaSure has been also reported in various open and
laparoscopic procedures.22
We found that the use of LigaSure was associated with
a reduction in the length of hospital stay of 1.4 days (95% CI
2.6e0.2). Manouras et al.15 reported a mean hospitalization stay of
3.7 days (range 3e6) in the LigaSure patients versus a range from
2.4 to 10.1 days in historical controls. In a retrospective study of
patients who underwent simple axillary dissection (n ¼ 100) or
Patey procedure (n ¼ 87), the cost of hospitalization related to the
choice of the technique of hemostasis was not signiﬁcantly
different in favor of LigaSure,23 probably because of use of
LigaSure increases the operative cost. In the randomized
prospective trial of Antonio et al.,24 length of hospital stay was not
assessed. These authors also reported that the use of LigaSure is
more expensive than the traditional procedure because it requires
an initial purchase of a generator at a cost of 21,000 euros and adds
an additional cost to the operation (about 223 euros per disposable
diathermy forceps). In the opinion of these authors, the employ-
ment of LigaSure is not cost-effective in breast cancer treat-
ment.24 However, there is still insufﬁcient data on the cost and cost-
effectiveness of electrothermal bipolar vessel sealing system for
surgical hemostasis in axillary surgery and further economic
analyses are needed.
5. Conclusion
In the present study, the use of LigaSure in axillary surgery as
compared with conventional methods for surgical hemostasis
reduced signiﬁcantly the operative time, days of suction drain, andlength of hospital stay, without increasing postoperative compli-
cations. Total axillary drain volume as well as number of seroma
punctures and the amount of ﬂuid drained after hospital discharge
were also lower.
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